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(71) We, Merck & Co Inc, a corpora- 
tion duly organised and existing under the 
laws of the State of New Jersey, United 
States of America, of Railway, New Jersey, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

The development of anti-inflammatory com- 
pounds in the past two decades has involved 
the appearance of a great many new drugs. 
Many of these have been steroids of the 11- 
oxygenated pregnane series. These, while 
highly effective, have the drawback of causing 
many side effects. There is a need in the 
market for equally effective compounds of 
non-steroidal structure having less side effects. 

This invention is concerned with new sub- 
stituted tricyclic carboxylic acid compounds 
and processes for preparing them. 

The compounds of the present invention 
have the following general formula: 



in which each X, which may be the same as 
or different from the others,, is a hydrogen or 
halogen atom or an alkyl, hydroxy, alkoxy, 
acyloxy, haloalkyl, nitro, amino, al^larnino, 
dialkylamino, acylarnino, mercapto, alkylthio, 30 
alkylsulflnyl, alkylsulfonyl, sulfamoyl, amino- 
sulfinyl, aminoalkyl, alkylaminoalkyl, hydroxy- 
alkyl, alkoxyalkyl, mercaptoalkyl, alkylthio- 
alkyl., cyano, carboxy, alkoxycarbonyU carb- 
amoyl, aryl, aralkyl, aryloxy, aralkoxy or acyl 35 
radical; Y is an oxy (— O— ), thio, sulfinyl, 
sulfonyl, irnino, or alkylimino radical; R is a 
hydroxy, amino, alkoxy, alkylamino, dialkyl- 
aminoalkoxy, hydroxyalkoxy, polyhydroxy- 
alkoxy, alkoxyalkoxy, aralkoxy, phenoxy, sub- 40 
stituted phenoxy, carboxy, a&oxycarbonyl, 
alkanoylaminoalkoxy, hydrazino, N - mor- 
pholino, hydroxyalkylamino, N - (4 - alkyl) 
piperidino or N-(4-hydroxyalkyl piperidino) 
radical, or an N-attached residue derived from 45 
an amino acid; and R 2 is a hydrogen atom 
or an acyl, alkyl or alkoxycarbonyl radical 
provided that the — OR 2 group is ortho to 
the 
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group and that when Y is imino or oxy, at 
(I) least one X is other than hydrogen, alkyl and 
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hydroxy, and where the terms "alkyl" and 
"alkoxy" in the definition of X, Y, R and R 2 
mean such radicals and residues containing 
not more than five carbon atoms and the 

5 term "acyl" means such radicals and residues 
containing not more than six carbon atoms. 
The present invention also provides non- 
toxic pharmaceuucally acceptable salts and 
anhydrides of the adds of Formula I, i.e. of 

10 those compounds in which R is a hydroxy 
group. . 

Values of R falling within the above defini- 
tion include methoxy, ethoxy, butoxy, pentoxy, 
methylamino, propylamine, pentylamino, di- 

15 methylamino., dibutylamino, propylpentyl- 
amino, 3-hydroxypropoxy, 2-hydroxypropoxy, 
4 - hydroxybutoxy, 2,3 - dihydroxypropoxy, 
2,3,4,5,6 - pentahydroxyhexyloxy, ethoxyeth- 
oxy, benzyloxy, phenethoxy, alkoxyphenoxy, 

20 dialkylaminophenoxy and alkanoylaminophen- 
oxy; values of R 2 falling within the above 
definition include formyl, acetyl, propionyl, 
butyryl, methyl, ethyl, propyl, isopropyl, butyl, 
pentyl, methoxycarbonyl and ethoxycarbonyl; 

25 values of X falling within the above defini- 
tion include fluorine and chlorine (which are 
preferred to bromine and iodine), methyl, 
ethyl, propyl, cbloromethyl, trifluoromethyl, 
methoxy, ethoxy, isopropoxy, butoxy, di- 

30 methylamino, dibutylamino, propylpentyl- 
amino, formamido, acetamido, propionamido, 
butyramido, methylthio, ethylthio, methylsul- 
finyl, ethylsulfinyl, butylsulfinyi, methylsul- 
fonyl, ethylsulfonyl, butylsulfonyl, amino- 

35 methyl, aminoethyl, methylaminomethyl, 
ethylaminoethyl, hydroxymethyl, hydroxy- 
ethyl, hydroxypropyl, methoxymethyl, meth- 
oxyethyl, ethoxyetnyl, ethoxypropylj mer- 
captomethyl, mercaptoethyl, methylthio- 

40 methyl, ethyltHioethyl, ethylthiopropyl, carbo- 
methoxy, carboethoxy, phenyl, tolyl, benzyl 
and phenethyl. 

A preferred group of compounds in accord- 
ance with the present invention have the 

45 formula 




in which X is halogen, alkoxy, haloalkyl or 
dialkylamino; Y is oxy, thio, sulfinyl, sul- 
fonyl, imino or alkylimino; R is hydroxy or 
50 amino and R 2 is hydrogen or acyl; and the 
OR* group is ortho to the 

O 

I! 

C — R 

group. 

Representative compounds of this inven- 
55 tion are as follows: 



7 - Fluoro - 3 - hydroxydibenzofuran - 2 - 
carboxylic acid; 

7 - Chloro - 2 - hydroxydibenzothiophene - 
3-carboxylic acid; 

8 - Fluoro - 3 - hydroxydibenzothiophene - 60 
2-carboxylic acid; 

6 - Fluoro - 3 - hydroxycarbazole - 2 - 
carboxylic acid} - - — 

7 - Methoxy - 3 - hydroxydibenzofuran - 
2-carboxylic acid; 65 

7 - Fluoro - 3 - hydroxydibenzothiophene - 

2-carboxylic acid; 
7 - Dimethylamino - 3 - hydroxydibenzothio- 

phene-2-carboxylic acid; 

7 - Trifluoromethyl - 3 - hydroxycarbazole - 70 

2- carboxylic acid; 

8 - Fluoro - 2 - hydroxydibenzothiophene - 

3- carboxylic acid; 

8 - Fluoro - 2 - hydroxydibenzofuran - 3 - 
carboxylic acid; and 75 

7 - Fluoro - 3. - hydroxydibenzothiophene - 
2-carboxylic acid 5*5-dioxide. 

This invention also provides a method of 
treating inflammation in non-human animals 
using a compound of Formula I as the active 80 
constituent. 

Compounds of the invention have been 
found to possess anti-inflammatory activity 
and to be effective in the prevention and inhi- 
bition of oedema and granuloma tissue forma- 85 
tion. Such compounds can be used to treat 
inflammation by reducing inflammation and 
relieving pain in such diseases as rheumatoid 
arthritis, osteoarthritis, gout, infectious 
arthritis and rheumatic fever. 90 

Certain of the compounds of the invention 
also have anti-pyretic, analgesic, diuretic, 
anti-fibrinolytic and hypo-glycemic activity 
and would be administered and used in the 
same manner and in the same dosage ranges 95 
as if they were being used to treat inflamma- 
tion. 

The present invention provides a pharma- 
ceutical composition comprising a compound 
of the invention and a non-toxic pharmaceu- 100 
tically acceptable diluent, carrier or coating. 
Such compounds may be administered orally, 
rectally, parenterally or topically. Tablets and 
capsules are the preferred pharmaceutical 
forms. 105 

The non-toxic pharmaceutical carrier may 
be, for example, either a solid or a liquid. 
Exemplary of solid carriers are lactose, corn 
starch, gelatin, talc, sterotex, stearic acid, 
magnesium stearate, terra alba, sucrose, agar, 110 
pectin, cab-o-sil, and acacia. Exemplary of 
liquid carriers are peanut oil, olive oil, sesame 
oil and water. Similarly, the carrier or diluent 
may include a time delay material such as 
glyceryl monostearate or glyceryl distearate 115 
alone or with a wax. 

Several pharmaceutical forms of the thera- 
peutically useful compositions can be used. 
For example, if a solid carrier is used, the 
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compositions may take the form of tablets, 
capsules, pills, powders, troches or lozenges^ 
prepared by standard pharmaceutical tech- 
niques. If a liquid carrier is used, the pre- 
5 paration may be in the form of a soft gelatin 
capsule, a syrup, elixir or a liquid suspen- 
sion. Suppositories for rectal administration, 
creams, gels, ointments and lotions for topical 
administration, as well as injectable prepara- 
10 tions, may be prepared in conventional man- 
ner. 

- The active compounds of this invention are 
present in an amount sufficient to treat, i.e. 
reduce, inflammation. Advantageously, the 

15 composition will contain the active ingredient, 
namely, the compound of Formula I in an 
amount of from about 1 mg to 100 mg per 
kg body weight per day (50 mg to 7 g per 
patient per day), preferably from about 2 mg 

20 to 50 mg per kg body weight per day (100 
mg to 3 g per patient per day) and particu- 
larly a daily dosage of from 4 to 2 mg per 
kg per day. It should be understood, how- 
ever, that although preferred dosage ranges 

25 are given, the dose level for any particular 
patient depends upon the activity of the 
specific compound and on many other factors 
that modify the actions of drugs, for example, 
age, body weight, sex, diet, time of adrninis- 

30 tration, route of administration, rate of excre- 
tion, drug combination, reaction sensitivities 
and seventy of the particular disease. 

The acid compounds of this invention may 
be prepared by carboxylating the appro- 

35 priately substituted hydroxydibenzofuran, hy- 
droxydibenzothiophene or hydroxycarbazole. 
This can be accomplished by heating the 
appropriately substituted above mentioned 
compound under pressure with carbon di- 

40 oxide gas. The product can then be isolated 
from the reaction mixture by known methods, 
ine temperature at which the carboxylation 
reaction can take place is from 50° to 300°C 
The reaction can also take place at from 

45 atmospheric pressure to high pressure, pre- 
ferably at 200°C and at about 1600 p.s.i. pres- 
sure. 

The substituted hydroxydibenzofurans and 
hydroxydibenzothiophenes may be prepared 

50 by reducing the appropriately substituted 
mtrodibenzofurans or nitrodibenzothiophenes 
to the corresponding ammodibenzofurans and 
ammodibenzothiophenes and by further react- 
ing the arriinodibenzofurans and aminodi- 

55 benzothiophenes with an alkali metal nitrite 
in the presence of a strong acid. 

The hydroxydibenzofurans and hydroxydi- 
benzothiophenes so prepared are then con- 
verted to the corresponding carboxylic acids 

60 as described above. 

The hydroxycarbazoles may be prepared by 
forming the appropriately substituted 2-(2- 
rutrophenyl) benzoquinone. This may be 
accomplished by treating the appropriately 

65 substituted nitroaniline compound with an 



alkali metal nitrite in an acidic medium and 
reacting the resulting solution with benzo- 
quinone in the presence of an alkali metal 
bicarbonate. 

The resulting benzoquinone derivative is 70 
then reduced and ring-closed to form the 
appropriately substituted hydroxycarbazole 
which is then carboxylated to the correspond- 
ing carboxylic acid as described above. 

The esters of this invention, e.g. compounds 75 
m which R is alkoxy, are prepared by any 
estenfication procedure using an esterifying 
agent containing the appropriate R group. 
For example, the carboxylic acid compounds 
of this invention may be reacted with the 80 
appropriate alkanol, (preferably methanol) at 
elevated temperatures in the presence of a 
strong acid such as hydrochloric acid, sulfuric 
acid or ^toluenesulfonic acid to form the 
desired ester. ^ 

The amides of this invention, i.e. com- 
pounds m which R is amino or substituted 
ammo may be prepared by any suitable amida- 
tion reaction. For example, the carboxylic acid 
compound (preferably the methyl or ethyl 90 
ester) may be reacted with ammonia, am- 
monium hydroxide, or an amino compound, at 
any suitable temperature (room temperature 
to reflux). When an unsubstituted amino 
group is desired, it is preferred to carry out 95 
the reaction with ammonia in a bomb at tem- 
peratures above 100°C to form the desired 
compound. Preferably, when an amide is de- 
sired which is derived from an amino acid, 
the following reaction sequence is followed. 100 
I he carboxylic acid final compound is reacted 
with isobutyl chlorocarbonate to form the 
mixed anhydride. This compound is in turn 
reacted with the desired amino acid ester 
and subsequendy hydrolysed to form the de- 105 
sired amide. 

The salts of the acids of this invention 
may be prepared by any of the well known 
metathesis procedures. For example, the 
carboxylic acid compound may be reacted 110 
with an inorganic base such as sodium 
ivydroxide, potassium hydroxide or ammonium 
hydroxide. The anhydrides of this invention 
may be prepared by any of the well known 
procedures. 

The following examples, in which tempera- 
tures are m degrees Centigrade, are presented 
to further illustrate the invention. Examples 
1 3, 5 — 11 and 13 — 16 are concerned with 
preparing intermediate compounds that are 120 
convertible to compounds of the present in- 
vention; Examples 4, 12 and 17—22 are con- 
cerned with the preparation of compounds in 
accordance with the present invention. 

Example 1 
7-Fluoro-3-nitrodibenzofuran 
To an ice-cold solution of 7 - amino - 3 - 
nitrodibenzofuran (22.8 g, 0.10 mole) in 
aqueous 40% fluoboric acid (35 ml) is added 
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sodium nitrite (6.9 g, 0.10 mole), the solid 
being added slowly in small portions with 
vigorous stirring and continued ice-cooling. 
After a short time, the diazonium fluoborate 

5 is collected by filtration, and washed with 
a little fluoboric acid and then with alcohol 
and ether. . 

The diazonium fluoborate is suspended in 
high-boiling petroleum ether, and the suspen- 

10 sion is warmed gently until decomposition 
is complete. The mixture is then evaporated 
in vacuo, and the residue crystallized from 
alcohol to give 7 - fluoro - 3 - nitrodibenzo- 

15 ^"when 7 - amino - 2 - nitrodibenzofuran 
and 8 - amino - 2 - nitrodibenzofuran are 
used in place of 7 - amino - 3 - nitrodibenzo- 
furan in the above example, 7 - fluoro - 2 - 
nitrodibenzofuran and 8 - fluoro - 2 - nitro- 

20 dibenzofuran, respectively, are obtained. 

Example 2 
7-Fluoro-3-dibenzofuranamine 
A mixture of 7 - fluoro - 3 - nitrodibenzo- 
furan (0.04 mole), stannous chloride dihydrate 
25 (018 mole), concentrated hydrochloric acid 
(40 ml.) and ethanol (20 ml.) is heated under 
reflux with stirring for 1 hour. 

The mixture is then chilled thoroughly, the 
amine hydrochloride collected by filtration and 
30 washed with a litde cold aqueous ethanol. 
The free 7 - fluoro - 3 - dibenzofuranamine 
is liberated by neutralization with aqueous 
ammonium hydroxide. The amine is col- 
lected by filtration, and washed thoroughly 
35 with water. 

When 2 - nitrodibenzofuran - 7 - carb- 
oxylic acid, 7 - fluoro - 2 - nitrodibenzofuran, 
8 - bromo - 2 - nitrodibenzofuran, 8 - fluoro - 

2 - nitrodibenzofuran, 6 - bromo - 3 - nitro- 
40 dibenzofuran, 6 - chloro - 3 - nitrodibenzo- 
furan, 7 - bromo - 3 - nitrodibenzofuran, 7 - 
chloro - 3 - nitrodibenzofuran and 3 - nitro- 
dibenzofuran - 9 - carboxylic acid are used 
in place of 7 - fluoro - 3 - nitrodibenzofuran 

45 in the above example, the corresponding sub- 
stituted 2- and 3-dibenzofuranainines, respec- 
tively, are obtained. 

Example 3 
7-Fluoro-3-dibenzofuranol 
50 To a stirred, ice-cold solution of 7-fluoro- 

3 - dibenzofuranamine (0.010 mole) in acetic 
acid (20 ml.) and water (60 ml.) are added 
successively concentrated sulfuric acid (2 mL) 
and a solution of sodium nitrite (0.015 mole) 

55 in water (10 ml.). The mixture is allowed 
to warm to room temperature, and then is 
heated gradually to 80°C. and held at that 
temperature until evolution of nitrogen ceases. 
The mixture is chilled thoroughly, and 7- 
60 fluoro - 3 - dibenzofuranol is collected by 
filtration, washed well with cold water, and 
recrystallized from aqueous alcohol. 

When 2 - dibenzofuranamine - 6 - carb- 



oxylic acid, 6 - methoxy - 2 - dibenzo- 
furanamine, 2 - dibenzofuranamine - 8 - 65 
carboxylic acid, 8 - nitro - 2 - dibenzo- 
furanamine or any of the substituted 2-di- 
benzofuranamines of Example 2 is used in 
place of 7 - fluoro - 3 - dibenzofuranamme 
in the above example, the corresponding sub- 70 
stituted 2-dibenzofuranol is obtained. - 

When 3 - dibenzofuranamine - 6 - carb- 
oxylic acid, 6 - methoxy - 3 - dibenzofuran- 
amine, 3 - dibenzofuranamine - 7 - carboxylic 
acid, 7 - nitro - 3 - dibenzofuranamine, 8-75 
bromo - 3 - dibenzofuranamine, 3 - dibenzo- 
furanamine - 8 - carboxylic acid, 8 - meth- 
oxy - 3 - dibenzofuranamine, 8 - nitro - 3 - 
dibenzofuranamine or any of the substituted 
3 - dibenzofuranamines of Example 2 is used 80 
in place of 7 ■■- fluoro - 3 - dibenzofuranamine 
in the above example, the corresponding sub- 
stituted 3-dibenzofuranol is obtained. 

Example 4 

7 - Fluoro - 3 - hydroxydibenzofuran - 2 - 85 

carboxylic acid. 

7 - Fluoro - 3 - dibenzofuranol (0.05 mole) 
is dissolved in a solution of potassium hy- 
droxide (0.05 mole) in water (7.5 ml.) and 
ethanol (18 ml.), the solution is then 90 
evaporated to dryness in vacuo. 

The thoroughly dried potassium salt is 
mixed intimately with anhydrous potassium 
carbonate (27 g.) and the mixture is heated 
for 10 hours at 170°C. with dry carbon di- 93 
oxide at a pressure of 50 atmospheres. 

The mixture is taken up in water (750 ml.), 
and the resulting solution is acidified with 
hydrochloric acid and chilled thoroughly. 7- 
Fluoro - 3 - hydroxydibenzofuran - 2 - 100 
carboxylic acid is collected by filtration, 
washed well with cold water, and recrystal- 
lized from aqueous alcohol. 

When 6 - amino - 2 - dibenzofuranol, 6 - 
chloro - 2 - dibenzofuranol, 6 - methyl - 2 - 105 
dibenzofuranol, 6,7 - dimethyl - 2 - dibenzo- 
furanol, 7 - amino - 2 - dibenzofuranol, 7 - 
chloro - 2 - dibenzofuranol, 7 - methoxy - 
2 - dibenzofuranol, 7 - methyl - 2 - dibenzo- 
furanol, 7 - phenyl - 2 - dibenzofuranol, 7,8 - 110 
dichloro - 2 - dibenzofuranol, 7,8 - dimethyl - 
2 - dibenzofuranol, 7,9 - dimethyl - 2 - di- 
benzofuranol, 8 - amino - 2 - dibenzofuranol, 

8 - amino - 1 - methyl - 2 - dibenzofuranol, 

8 - chloro - 2 - dibenzofuranol, 8 - meth- 115 
oxy - 2 - dibenzofuranol, 8 - methyl - 2 - 
dibenzofuranol, 2 - dibenzofuranol - 9 - 
carboxylic add, 9 - chloro - 2 - dibenzo- 
furanol, 9 - methoxy - 2 - dibenzofuranol, 

9 - methyl - 2 - dibenzofuranol, 1 - methyl - 120 
2 - dibenzofuranol or any of the substituted 
2-dibenzofuranoIs of Example 3 is used in 
place of 7 - fluoro - 3 - dibenzofuranol in 

the above example, the corresponding sub- 
stituted 2 - hydroxydibenzofuran - 3 - carb- 125 
oxylic acid is obtained. 

When 8 - chloro - 3 - dibenzofuranol or 
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any of the substituted 3 - dibenzofuranols of 
Example 3 is used in place of 7 - fluoro - 3 - 
dibenzofuranol in the above example, 8 - 
chloro - 3 - hydroxydibenzofuran - 2 - carb- 
5 oxylic acid, or the corresponding substituted 
3 - hydroxydibenzofuran - 2 - carboxylic acid, 
respectively, is obtained. 

Example 5 

2 - Amino - 4' - fluoro - 4 - nitrodiphenyl 

10 sulfide 

A mixture of 2 - chloro - 5 - nitroamline 
(10.4 g., 0.06 mole), p-fluorothiophenol (7.7 g., 
0.06 mole), potassium hydroxide (3.7 g., 0.066 
mole), and 95% ethanoi (125 ml.) is heated 

15 under reflux for 1 hour. 

After thorough chilling of the reaction mix- 
ture, 2 - amino - 4' - fluoro - 4 - nitrodi- 
phenyl sulfide is collected by filtration, and 
washed with cold 95% ethanoi. It is purified 

20 further by recrystallization from alcohol. 

When p - chlorothiophenol, p - methoxy- 
benzenethiol, p - thiocresol, or cc^a. - tri- 
fluoro - p - toluenethiol is used in place of 
/>-fluorothiophenol in the above example, 4 r - 

25 chloro-, 4'-methoxy-, 4'-methyl-, or 4'-tri- 
fluoromethyl - 2 - amino - 4 - nitrodiphenyl 
sulfide, respectively, is obtained. 

When 2 - chloro - 4 - nitroaniline is used 
in place of 2 - chloro - 5 - nitroaniline in 

30 the above example, 2 - amino - 4' - fluoro - 
5 - nitrodiphenyl sulfide is obtained. 

When 2 - chloro - 4 - nitroaniline is used 
in the above example together with p-bromo- 
thiopcnol, p - chlorothiophenol, p - methoxy- 

35 benzenethiol, p - thiocresol, or or^« - tri- 
fluoro - p - toluenethiol in place of p - fluoro- 
thiophenol, 4'-bromo-, 4'-chloro-, 4'-meth- 
oxy-, 4'-methyl-, or 4'-trifluoromethyl-2- 
amino - 5 - nitrodiphenyl sulfide, respectively, 

40 is obtained. 

Example 6 
8-Fluoro-2-nitrodibenzothiophene 
2 - Amino - 4' - fluoro - 4 - nitrodiphenyl 
sulfide (14.5 g.) is converted into its hydro- 
45 chloride salt by dissolving in benzene and 
saturating the solution with dry hydrogen 
chloride. 

After being collected by filtration and dried, 
the salt (16.2 g., 0.054 mole) is suspended 

50 in glacial acetic acid (150 ml.), and treated 
at 15—18° with butyl nitrite (6.3 ml.). The 
. resulting solution is cooled to ccl 10° and 
diluted with cold «15°) aqueous 50% acetic 
acid (600 ml.). The solution is then kept 

55 at 10 — 15° while copper powder (20 g.) is 
added slowly. When the addition is com- 
plete, the reaction mixture is kept at 10 — 
15° for an additional 15 minutes, then is 
warmed to 40° and kept at that temperature 

60 for 15 minutes. 

Precipitated solids are collected by filtra- 
tion, washed successively with dilute aqueous 
sodium hydroxide and with water, and dried. 



The dry solid is extracted with hot benzene, 
the solution filtered to remove copper, treated 65 
with decolorizing carbon, refiltered, and 
evaporated to incipient crystallization. After 
thorough cooling, 8 - fluoro - 2 - nitrodi- 
benzothiophene is collected by filtration, and 
washed with a little benzene, 70 ' 

When the 4' - substituted 2 - amino - 4 - 
nitrodiphenyl sulfides of Example 5 are used 
in place of 2 - amino - 4 r - fluoro - 4 - 
nitrodiphenyl sulfide in the above example, 
the corresponding 8 - substituted 2 - nitrodi- 75 
benzothiophenes are obtained. 

When the 4' - substituted 2 - amino - 5 - 
nitrodiphenyl sulfides of Example 5 are used 
in place of 2 - amino 4 f - fluoro - 4 - 
nitrodiphenyl sulfide in the above example, the 80 
corresponding 8 - substituted 3 - nitrodi- 
benzothiophenes are obtained. 

Example 7 
7-Fluoro-3-nitrodibenzothiophene 
7 - Amino - 3 - nitrodibenzothiophene is 85 
diazotized in aqueous fiuorboric acid, and the 
resulting diazonium fluoborate decomposed 
thermally according to the procedure of Ex- 
ample 1; 7 - fluoro - 3 - nitrodibenzothio- 
phene is obtained. 9Q 

When 8 - amino - 2 - nitrodibenzothio- 
phene is used in place of 7 - amino - 3 - 
nitrodibenzothiophene in the above example, 
8 - fluoro - 2 - nitrodibenzothiophene is 
obtained. 95 

Example 8 
7-Iodo-3-nitrodibenzothiophene 
Sodium nitrite (1.6 g., 0.03 mole) is dis- 
solved in concentrated sulfuric acid (16 ml.) 
and the solution is warmed gradually to 70°. 100 
The nitrosylsulfuric acid solution so formed 
is cooled to ecu 15° in an ice-bath, and a 
solution of 7 - amino - 3 - nitrodibenzothio- 
phene (4.9 g., 0.02 mole) in glacial acetic 
acid (50 ml.) is added slowly with vigorous 105 
stirring. When the addition is complete, the 
mixture is stirred at 10— 15° for 15 minutes 
longer, and then is added rapidly to an ice- 
cold solution of potassium iodide (5.0 g., 0.03 
mole) in dilute sulfuric acid. The mixture is HO 
heated to boiling to destroy the complex, 
diluted with water, and chilled thoroughly. 
The crude 7 - iodo - 3 - nitrodibenzothio- 
phene is collected by filtration and purified 
by recrystallization from acetic acid. 115 

When 8 - amino - 2 - nitrodibenzothio- 
phene is used in place of 7 - amino - 3 - 
nitrodibenzothiophene in the above example, 
8 - iodo - 2 - nitrodibenzothiophene is ob- 
tained. 220 

When a solution of cuprous bromide in 
hydrobromic acid is used in place of a solu- 
tion of potassium iodide in dilute sulfuric 
acid in the above example, 7 - bromo - 3 - 
nitrodibenzothiophene is obtained. 125 
When 7 - amino - 3 - nitrodibenzothio- 



6 



1,285,398 



6 



phene is diazotized in hydrochloric acid in- 
stead of sulfuric acid, and a solution of 
cuprous chloride in hydrochloric acid is used 
in place of a solution of potassium iodide in 
5 dilute sulfuric acid, 7 - chloro - 3 - nitro- 
dibenzothiophene is obtained. 

Example 9 
8 - Fluoro - 2 - nitrodibenzotbiophene - 5,5 - 
dioxide 

10 A mixture of 8 - fluoro - 2 - nitrodibenzo- 
thiophene (14.3 g., 0.058 mole) and glacial 
acetic acid (200 ml.) is treated slowly with 
30% hydrogen peroxide (30 ml., ca. 0.35 
mole), the addition being made dropwise and 

15 with stirring. The mixture is then warmed 
gradually to reflux temperature, and refluxed 
for 1 hour. 

After thorough chilling, 8 - fluoro - 2 - 
nitrodibenzothiophene - 5,5 - dioxide is col- 
20 lected by filtration, and washed well with 
cold water- 
When the substituted 2- and 3-nitrodi- 
benzothiophenes of Examples 6, l y and 8 are 
used in place of 8 - fluoro - 2 - nitrodi- 
25 benzothiophene in the above example, the 
corresponding substituted 2- and 3-nitrodi- 
benzothiophene-5,5-dioxides are obtained. 

Potassium dichromate may be used in place 
of hydrogen peroxide as a suitable oxidant 
30 for preparation of dibenzothiophene - 5,5 - 
dioxides from the corresponding dibenzothio- 
phenes. 

Example 10 
2-Ammo-8-fluorodibenzothiophene 
35 A mixture of 8 - fluoro - 2 - nitrodi- 
benzothiophene (0.04 mole), stannous chloride 
dihydrate (0.18 mole), concentrated hydro- 
chloric acid (40 ml.), and ethanol (20 ml.) is 
heated under reflux with stirring for 1 hour. 
40 The mixture is then chilled thoroughly, 
the amine hydrochloride collected by filtra- 
tion, and washed with a little cold aqueous 
ethanol. The free 2 - amino - 8 - fluorodi- 
benzothiophene is liberated by neutralization 
45 with aqueous ammonium hydroxide. The 
amine is collected by filtration and washed 
thoroughly with water. 

When the substituted 2- and 3-nitrodi- 
benzothiophenes of Examples 6, 7, and 8 are 
50 used in place of 8 - fluoro - 2 - nitrodi- 
benzothiophene in the above example, the 
corresponding substituted 2- and 3-arninodi- 
benzothiophene-5,5-dioxides are obtained. 
Reduction of the mtrodibenzothiophenes 
55 may be effected also by means of hydrogena- 
tion in ethanol using a Raney nickel catalyst, 
by means of a mixture of iron filings, ferric 
chloride and water, or by means of zinc and 
alcoholic ammonia. 
60 When the substituted 2- and 3-nitrodi- 
benzothiophene - 5,5 - dioxides of Example 
9 are used in place of 8 - fluoro 2 - nitro- 
dibenzothiophene in the above example, the 



corresponding substituted 2- and 3-aminodi- 
benzothiophene-5-dioxides are obtained. 65 

The alternative methods of reduction 
applicable to the mtrodibenzothiophenes are 
not useful for reduction of the nitrodibenzo- 
thiophene-5,5-dioxides. 

Example 11 70 
8-Fluoro-2-hydroxydibenzothiophene 
To a stirred, ice-cold solution of 2-amino- 
8 - fluorodibenzothiophene (0.010 mole) in 
acetic add (20 ml.) and water (60 ml.) are 
added successively concentrated sulfuric acid 75 
(2 ml.) and a solution of sodium nitrite (0.015 
mole) in water (10 ml.). The mixture is 
allowed to warm to room temperature and 
then is heated gradually to 80°C. and held 
at that temperature until the evolution of 80 
nitrogen ceases. 

The mixture is chilled thoroughly and 8- 
fluoro - 2 - hydroxydibenzothiophene is col- 
lected by filtration, washed well with cold 
water, and recrystallized from aqueous alcohol. 85 

When 8-bromo-, 8-ethoxy-, or 8-nitro-2- 
aminodibenzothiophene, or any of the substi- 
tuted 2 - aminodibenzothiophenes of Example 
10 is used in place of 2 - amino - 8 - fluoro- 
dibenzothiophene in the above example, 8- 90 
bromo-, 8-ethoxy-, 8-nitro-, or the correspond- 
ing substituted 2-hydroxydibenzothiophene, 
respectively, is obtained. 

When 7 - nitro - 3 - amino dibenzothio- 
phene, or any of the substituted 3-amino- 95 
dibenzothiophenes of Example 10 is used in 
place of 2 - amino - 8 - fluorodibenzothio- 
phene in the above example, 7-nitro-, or the 
corresponding substituted 3 -hydroxydibenzo- 
thiophene, respectively, is obtained. 100 

When 8-ethoxy- or 8-nitro-2-aminodibenzo- 
thiophene - 5,5 - dioxide, or any of the sub- 
stituted 2 - aminodibenzothiophene - 5,5 - 
dioxides of Example 10 is used in place of 
2 - amino - 8 - fluorodibenzothiophene in 105 
the above example, 8-ethoxy-, 8-nitro-, or the 
corresponding substituted 2-hydroxydibenzo- 
thiophene - 5,5 - dioxide, respectively, is ob- 
tained. 

When 8-bromo- or 7-nitro-3 -amino dibenzo- HO 
thiophene - 5,5 - dioxide, or any of the sub- 
stituted 3 - aminodibenzothiophene - 5,5 - 
dioxides of Example 10 is used in place of 
2 - amino - 8 - fluorodibenzothiophene in 
the above example, 8-bromo-, 7-nitro-, or the 115 
corresponding substituted 3 - hydroxydibenzo- 
thiophene - 5,5 - dioxide, respectively, is 
obtained. 

Example 12 
8 - Fluoro - 2 - hydroxydibenzothiophene - 120 
3-carboxylic acid 
8 - Fluoro - 2 - hydroxydibenzothiophene 
(0.05 mole) is dissolved in a solution of 
potassium hydroxide (0.05 mole) in water 
(7.5 ml.) and ethanol (18 ml.); the solution is 125 
then evaporated to dryness in vacuo. 
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The thoroughly dried potassium salt is 
mixed intimately with anhydrous potassium 
carbonate (27 g.)> and the mixture is heated 
for 10 hours at 170°C with dry carbon di- 
5 oxide at a pressure of 50 atmospheres. 

The mixture is taken up in water (750 
ml.), and the resulting solution is acidified 
with hydrochloric acid and chilled thoroughly. 
8 - Fluoro - 2 - hydroxydibenzothiophene - 
10 3 - carboxylic acid is collected by filtration, 
washed well with cold water, and recrystal- 
lized from aqueous alcohol. 

When the substituted 2 - hydroxydibenzo- 
thiophenes and 2 - hydroxydibenzothiophene - 
15 5,5-dioxides of Example 11 are used in 
place of 8 - fluoro - 2 - hydroxydibenzothio- 
phene in the above example, the correspond- 
ing substituted 2 - hydroxydibenzothiophene - 
3-carboxylic acids and 2~hydroxydibenzothio- 
20 phene - 3 - carboxylic acid 5,5 - dioxides, 
respectively, are obtained. 

When the substituted 3 - hydroxydibenzo- 
thiophenes and 3-hydroxydibenzothiophene- 
. _ 5,5-dioxides of -Example 11 are used in place 
25 of 8 - fluoro - 2 - hydroxydibenzothiophene 
in the above example, the corresponding sub- 
stituted 3 - hydroxydibenzothiophene - 2 - 
carboxylic acids and. 3 - hydroxydibenzothio- 
phene - 2 - carboxylic acid 5,5 - dioxides, 
30 respectively, are obtained. 

Example 13 
2-(5'-Fluoro-2'-nitrophenyl)benzoquinone 
5 - Fluoro - 2 - nitroaniline (10.1 g., 0.065 
mole) is dissolved by warming in a mixture 

35 of concentrated hydrochloric acid (105 mi.) 
and water (20 ml.). The solution is cooled 
to ca 5° in an ice-bath, and an ice-cold 
solution of sodium nitrite (7.5 g., 0.11 mole) 
in water (20 ml.) is added slowly with stirr- 

40 ing. The resulting solution is filtered through 
glass wool, and then is added dropwise during 
30—40 minutes to a vigorously stirred sus- 
pension of benzoquinone (8.1 g., 0.075 mole), 
sodium bicarbonate (80 g.), and water (80 

45 ml.). During the course of the addition, three 
small additions of hydroquinone are made. 
The initial reaction temperature is 15°, 
allowed to rise during the addition to 18 — 
20°. 

50 When the addition is complete, the reaction 
mixture is chilled thoroughly, and the 2-(5'- 
fluoro - 2' - nitrophenyl)benzoquinone is col- 
lected by filtration and washed with cold 
water. 

55 When 5 - bromo - 2 - nitroaniline, 5 - 
iodo - 2 - nitroaniline, or 5 - methoxy - 2 - 
nitroaniline is used in place, of 5 - fluoro - 
2-nitroaniline in the above example, the cor- 
responding 2 - (5' - substituted 2' - nitro- 

60 phenyl)benzoquinone is obtained. 

When 4 - benzylsulfonyi - 2 - nitroaniline, 
4 - bromo - 2 - nitroaniline, 4 - ethyl - 2 - 
nitroaniline, 4 - fluoro - 2 - nitroaniline, 4 - 

• methylthio - 2 - nitroaniline, 2,4 - dinitro- 



aniline, 3 - nitro - 4 - biphenylamine, - 6 5 
trifluoro - 2 - aniline, 4 - trifluoromethyl- 
thio - 2 - nitroaniline or <*,or,a: - triphenyl - 
2 - nitro - p - toluidine is used in place of 
5 - fluoro - 2 - nitroaniline in the above ex- 
ample, the corresponding 2 - (4' - substi- 70 
tuted 2' - nitrophenyl)benzoquinone is ob- 
tained. 

When 4,5 - dibromo - 2 - nitroaniline, 
4,5 - dichloro - 2 - nitroaniline, 4,5 - di- 
ethyl - 2 - nitroaniline, or 4,5 - dimethoxy - 7 *r 
2 - nitroaniline is used in place of 5 - fluoro - 
2-nitroaniline in the above example, the cor- 
responding 2 - (4',5' - disubstituted 2' - 
nitrophenyl)benzoquinone is obtained. 

Example 14 80 
2 - (2' - Amino - 5' - fluorophenyl)hydro- 
quinone 

2 - (5' - fluoro - 2 r - nitrophenyl)benzo- 
quinone (6.2 g., 0.025 mole) is suspended in 
a mixture of ethanol (300 ml.) and concen- g5 
trated hydrochloric acid (6 ml.), and hydro- 
genated in the presence of 10% palladium on 
charcoal (6 g.). 

The mixture is filtered, and the filtrate is 
evaporated in vacuo almost to dryness. The 90 
residue is triturated with a little water and 
is then treated dropwise, with stirring, with 
a solution of sodium bicarbonate (5 g.) in 
water (30 ml.) which also contains a little 
sodium bisulphite. The resulting mixture is 05 
extracted repeatedly with ether and the com- 
bined extracts are dried over anhydrous 
sodium sulfate containing a little sodium bisul- 
fite, filtered, and evaporated in vacua to give 
2 - (2 r - amino - 5' - fluorophenyl)hydro- 100 
quinone. The crude product is purified by 
recrystallization from chlorobenzene. 

When the substituted 2 - (2' - nitrophenyl) 
benzoquinones of example 13 are used in 
place of 2 - (5' - fluoro - 2' - nitrophenyl) 105 
benzoquinone in the above example, the cor- 
responding substituted 2 - (2' - aminophenyl) 
hydroquinones are obtained. 

Example 15 
6-Fluoro-3-hydroxycarbazole jjq 

A solution of 2 - (2' - amino - 5' - fluoro- 
phenyl)hydroquinone (4.4 g., 0.02 mole) in 
ethanol (125 ml.) is treated with a small 
quantity of ferric chloride, and the mixture 
is refluxed briefly. 

The mixture is treated with activated char- 
coal and filtered, and the filtrate evaporated 
tn vacua to give 6 - fluoro - 3 - hydroxy- 
carbazole. The crude product is conveniently 
purified by recrystallization from aqueous ion 
acetic acid. n 1ZW 

When the 2 - (5' - substituted 2 r - amino- 
phenyl)hydroquinones of Example 14 are used 
in place of 2 - (2' - amino - 5' - fluoro- 
phenyl)hydroquinone in the above example, 195 
the corresponding 6-substjtuted 3-hydroxy- 
carbazoles are obtained. 
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When the 2 - (4' - substituted 2 r - amino- 
phenyl)hydroquinones of Example 14 are 
used in place of 2 - (2' - amino - 5' - fluoro- 
phenyl)hydroquinone in the above example, 
5 the corresponding 7 - substituted 3 - hydroxy- 
carbazoles are obtained. 

When the 2 - (4',5' - disubstituted 2' - 
aminophenyl)hydroquinones of Example 14 
are used in place of 2 - (2' - amino - 5' - 
10 fluorophenyl)hydroquinone in the above ex- 
ample, the corresponding 6,7-disubstituted 3- 
hydroxycarbazoles are obtained. 

Example 16 
7-Ethyl-3 -hydroxycarbazole 
15 2 - (4 r - Ethyl - 2 r - nitrophenyl)benzo- 
quinone (103 g., 0.04 mole) is suspended in 
ethanol (350 ml.), and hydrogenated in the 
presence of Raney nickel catalyst. 

The mixture is filtered, and the filtrate is 
20 evaporated in vacuo to give 7 - ethyl - 3 - 
hydroxycarbazole. The product is purified by 
recrystallization from aqueous acetic acid. 

When the 2 - (4' - substituted, 5' - sub- 
stituted^ and 4',5 / - disubstituted 2' - nitro- 
25 phenyl)benzoquinones of Example 13 are used 
in place of 2 - (4' - ethyl - 2 r - nitrophenyl) 
benzoquinone in the above example, the cor- 
responding 7 - substituted, 6 - substituted, and 
6,7 - disubstituted 3 - hydroxycarbazoles, re- 
30 spectively, are obtained* 

When the substituted 2 - (2 r - nitrophenyl) 
benzoquinones of Example 13 are treated in 
aqueous methanol for 2—3 hours with sulfur 
dioxide, the corresponding substituted 2-(2 r - 
35 mtrophenyl)hydroquinones are obtained. 

When the latter are used in place of 2-(4'- 
ethyl - 2' - nitrophenyl)benzoquinone in the 
above example, the substituted 3 - hydroxy- 
carbazples are obtained. 

40 Example 17 

6 - Fluoro - 3 - hydroxycarbazole - 2 - 
carboxylic acid 
6 - Fluoro - 3 - hydroxycarbazole is 
carbonated according to the procedure of Ex- 
45 ample 4, 6 - fluoro - 3 - hydroxycarbazole - 
2-carboxylic acid is obtained. 

When 6-amino-, 6-chloro-, 6-methyl-, 6- 
nitro-, or any of the 6-substituted 3 -hydroxy- 
carbazoles of Examples 15 and 16 is used 
50 in place of 6 - fluoro - 3 - hydroxycarbazole 
in the above example, the corresponding 6- 
substitutcd 3 - hydroxycarbazole - 2 - carb- 
oxylic acid is obtained. 

When 7-chIoro-, 7-methoxy-, 7-methyl-, or 
55 any of the 7 - substituted 3 - hydroxycarb- 
azoles of Examples 15 and 16 is used in 
place of 6 - fluoro - 3 - hydroxycarbazole 
in the above example, the corresponding 7- 
substituted 3 - hydroxycarbazole - 2 - carb- 
60 oxylic acid is obtained. 

When tjie 6,7 - disubstituted 3 - hydroxy- 
carbazoles of Examples 15 and 16 are used 
in place of 6 - fluoro - 3 - hydroxycarbazole 



in the above example, the corresponding 6,7- 
disubstituted 3 - hydroxycarbazole - 2 - 65 
carboxylic acids are obtained. 

Example 18 
Methyl 7 - fluoro - 3 - hydroxydibenzofuran - 

2-carboxylate *— • 

To a mixture of 7-fluoro - 3 - hydroxy- 70 
dibenzofuran - 2 - carboxylic acid (0.015 
mole) and absolute methanol (6.1 ml., 0.15 
mole) is added, slowly with stirring, 0.6 ml. 
of concentrated sulfuric acid. The mixture 
is then heated under reflux for 8 hours. The 75 
excess of methanol is removed by evapora- 
tion in vacuo and the residue is treated with 
stirring with 25 ml. of ice-water. The methyl 
7 - fluoro - 3 - hydroxydibenzofuran - 2 - 
carboxylate is collected by filtration, washed 80 
thoroughly with cold water and dried. It is 
purified by recrystallization from aqueous 
alcohol. 

When ethanol, propanol, isopropanol, but- 
anol, isobutanol or benzyl alcohol is used 85 
in place of methanol in ^the procedure des- 
cribed above, the corresponding ester is ob- 
tained. 

When the o - hydroxydibenzofuran, o - 
hydroxydibenzothiophene - and o - hydroxy- 90 
carbazole carboxylic acids of this invention 
are used in place of 7 - fluoro - 3 - hydroxy- 
dibenzofuran - 2 - carboxj'lic acid, the cor- 
responding esters are obtained. 

Example 19 95 
7 - Fluoro - 3 - hydroxycarbazole - 2 - 
carboxamide 

A mixture of 7 - fluoro - 3 - hydroxy- 
carbazole - 2 - carboxylic acid (0.003 mole), 
anhydrous benzene (30 ml.), and thionyl 100 
chloride (0.0033 mole) is refluxed for 1} 
hours and is then added gradually to a vigor- 
ously stirred ice-cooled solution of ammon- 
ium hydroxide (75 ml.). The mixture is 
allowed to warm to room temperature, the 105 
benzene is removed under a stream of nitro- 
gen, and the precipitated 7 - fluoro - 3 - 
hydroxycarbazole - 2 - carboxamide is col- 
lected and dried. 

When aqueous methyl-, dimethyl-, ethyl-, 110 
or diethylamine, piperidine, morpholine or 
pyrrolidine is used in place of ammonia in 
the above reaction, the corresponding substi- 
tuted amide is obtained. 

When the a - hydroxydibenzofuran, o - 115 
hydroxydibenzothiophene and a - hydroxy- 
carbazole carboxylic acids of this invention 
are used in place of 7 - fluoro - 3 - hydroxy- 
carbazole - 2 - carboxylic acid, the corres- 
ponding amides are obtained. 120 

Example 20 
7 - Fluoro - 2 - methoxydibenzothiophene - 
3-carboxylic acid 
Methyl 7 - fluoro - 2 - hydroxydibenzo- 
thiophene - 3 - carboxylate (0.010 mole), 125 



1,285,398 



sodium (230 mg., 0.010 g. atom) in anhy- 
drous methanol (10 ml.), and methyl iodide 
(1.6 g., 0.011 mole) are heated together under 
reflux for several hours. The methanol is re- 
5 moved by evaporation in vacua and the 
residue is treated with 25 mL of water. The 
mixture is rendered alkaline with sodium 
hydroxide to ensure dissolution of unaltered 
starting material, and is then extracted twice 
10 with 25-ml. portions of ether. The combined 
ethereal extracts are dried over anhydrous 
magnesium sulfate and evaporated in vacuo 
to give methyl 7 - fluoro - 2 - methoxydi- 
benzothiophene-3-carboxylate. 
15 The ester is hydrolysed under reflux by 
potassnim hydroxide (0.7 g., 0.0125 mole) in 
alcohol (12.5 ml.). The solution is evaporated 
to dryness in vacuo and the residue taken 
up in 25 ml. of water. The aqueous solu- 
20 turn is filtered and the filtrate acidified with 
hydrochloric acid. The precipitated 7-fluoro- 
2 ~ methoxydibenzothiophene - 3 - carboxylic 
acid is collected by filtration and recrystallized 
from alcohol. 
25 / When ethyl iodide, propyl iodide, butyl 
iodide, t-butyl iodide, vinyl bromide, or 
benzyl chloride is used in place of methyl 
iodide in the procedure described above, the 
™ ^^PoiK^ng alkoxy derivative is prepared 
30 When the o - hydroxydibenzofuran; a - 
hydroxydibenzothiophene and a - hydroxy- 
carbazole carboxylic acid esters of this inven- 
tion are used in place of methyl 7 - fluoro - 
2 - hydroxydibenzothiophene - 3 - carboxyiate, 
35 the corresponding alkoxy derivatives are or> 
tamed. 

Example 21 
6 - Fluoro - 3 - acetoxycarbazole - 2 - 
carboxylic acid 
40 To a mixture of 6 - fluoro - 3 - hydroxy- 
carbazole - 2 - carboxylic acid (0.008 mole) m 
anhydrous r^ridine (3 ml.) is added acetic 
anhydride (5.6 ml.)* and the resultant mix- 
ture is heated on the steam cone for 1.5 hours 
45 The mixture is kept free from moisture during 
mis tune. On cooling, the mixture is added 
to a stirred 100-ml. portion of water, the 
aqueous system extracted with ether and the 
ethereal layers washed with IN hydrochloric 
50 acid and water, and then dried over anhy- 
drous magnesium sulfate. Concentrating the 
filtered ethereal solution yields 6 - fluoro - 3 - 
acetoxycarbazole-2-carboxylic acid. 
„ . -T 16 ? p™pi°nic anhydride, butyric anhy- 
55 ande, isobutyrjc anhydride, valeric anhydride, 
benzoic anhydride, or phenylacetic anhydride 
is used in place of acetic anhydride in the 
procedure described above, the corresponding 
acyloxy derivative is obtained. * 
60 When the a - hydroxydibenzofuran, o - 
hydroxydibenzothiophene and a - hydroxy- 
carbazole carboxylic acids of this invention 
are used in place of 6 - fluoro - 3 - hydroxy- 
carbazole - 2 - carboxylic acid, the corres- 
65 ponding acyloxy derivatives are obtained. 



Example 22 
Sodium 7 - fluoro - 2 - hydroxycarbazole - 
3-carboxylate 

To a solution of sodium hydroxide (0.001 
mole) in water (15 ml.) is added a solution of 70 
7 - fluoro - 2 - hydroxycarbazole - 3 - 
carboxylic acid (0.001 mole) in ethanol, the 
mixture stirred and gently heated for two 
hours, and the solvents removed in vacuo on 
a rotary evaporator to yield sodium 7-fluoro- 75 
2-hydroxycarbazole-3-carboxylate. 

When potassium hydroxide is used in place 
of sodium hydroxide in the above example, 
the corresponding potassium salt is obtained. 

When the other o - hydroxydibenzofuran, 80 
o - hydroxydibenzothiophene, and a - hy- 
droxycarbazole carboxylic acids of this inven- 
tion are used in place of 7 - fluoro - 2 - 
hydroxycarbazole - 3 - carboxylic acid, the 
corresponding salts are obtained. 85 

WHAT WE CLAIM IS: — 
1. A compound of the formula: 



09* 




in which each X, which may be the same as 
or different from the others, is a hydrogen or 90 
halogen atom or an alkyl, hydroxy, alkoxy, 
acyloxy, haloalkyl, nitro, amino, alkylamino, 
dialkylamino,. acylamino, mercapto, alkylthio, 
alkylsulfinyl, alkylsulfonyl, sulfamoyl, amino- 
sulfinyl, aminoalkyl, alkylaminoalkyl, hydroxy- 95 
a i2r alkoxyalkyl, mercaptoalkyl, alkylthio- 
alkyl, cyano, carboxy, alkoxycarbonyl, carb- 
amoyl, aryl, aralkyl, aryloxy, aralkoxy or acyl 
radical; Y is an oxy, thio, sulfinyl, sulfonyl, 
imino, or alkyhmino radical; R is a hydroxy, 100 
amino, alkoxy, alkylamino, dialkylaminoalk- 
oxy, hydroxyalkoxy, polyhydroxyalkoxy, alk- 
oxyalkoxy, aralkoxy, phenoxy, substituted 
phenoxy, carboxy, alkoxycarbonyl, alkanoyl- 
ammoalkoxy, hydrazino, N-morpholino, hy- 105 
droxyalkylamino, N - (4 - aJkyl)piperidino or 
N - (4 - hydroxyalkyl piperidino) radical, or 
an N-attached residue derived from an amino 
acid; and R 2 is a hydrogen atom or an acyl, 
alkyl or alkoxycarbonyl radical provided that 110 
the — OR 2 group is ortho to the 



-R 

group and that when Y is imino or oxy, at 
least one -X is other than hydrogen, alkyl 
and hydroxy, and where the terms "alkyl" and 115 
alkoxy" in the definitions of X, Y, R and 
R ? means such radicals and residues contain- 
ing not more than five carbon atoms and the 
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term "acyl" means such radicals and residues 
containing not more than six carbon atoms. 

2. A compound as claimed in claim 1 of 
the formula: 



o 

0/?2 



10 



15 



20 



25 



30 



35 



40 



45 




in which: . 
X is halogen, alkoxy, haloalkyl or dialkyl- 
amino; 

Y is oxy, thio sulhnyl, sulfonyl, imino, or 

alkylimino; 
R is hydroxy or amino and 
R 2 is hydrogen or acyl; and 
the OR 2 group is ortho to the 



C — R group. 

3. 7 - fluoro - 3 - hydroxydibenzofuran - 
2-carboxylic acid. 

4. 7 - chloro - 2 - hydroxydibenzothio- 
phene-3-carboxylic acid. 

5. 8 - fluoro - 3 - hydroxydibenzothio- 
phene-2-carboxylic acid. 

6. 6 - fluoro - 3 - hydroxycarbazole - 2 - 
carboxylic acid. 

7. 7 - methoxy - 3 - hydroxydibenzofuran. - 

2- carboxylic acid. 

8. 7 - Fluoro - 3 - hydroxydibenzothio- 
phene-2-carboxylic acid. 

9. 7 - Dimethylamino - 3 - hydroxydi- 
benzothiophene-2-carboxylic acid. 

10. 7 - Trifluoromethyl r 3 - hydroxy- 
carbazole-2-carboxylic acid. 

11. 8 » Fluoro - 2 - hydroxydibenzothio- 
phene-3 -carboxylic acid. 

12. 8 - Fluoro - 2 - hydroxydbienzofuran - 

3 - carboxylic acid. 

13. 7 - Fluoro - 3 - hydroxydibenzothio- 
phene-2-carboxylic acid 5,5-dioxide. 

14. A compound of the formula: 




in which X is halogen and Y is oxy, thio, 
sulfinyl, sulfonyl, imino or alkyimino; pro- 
vided that the hydroxy group is always ortho 
to the carboxy group. 

15. A non-toxic pharmaceutically acceptable 
salt or anhydride of a compound as claimed 
in claim 1 in which R is hydroxy. 



16. The process that comprises reacting 
a compound of the formula: 




in which X and Y are as defined in claim 1, 
with carbon dioxide at elevated temperatures 5fr 
and pressure to produce a compound as 
claimed in claim 1 in which R is a hydroxy 
group. 

17. A process as claimed in claim 16 m 
which the reaction is carried out at in the 
presence of an alkali metal carbonate. 

18. A process as claimed in claim 16 in 
which the reaction is carried out at a tem- 
perature of 50— 300°C. 

19. A process as claimed in any one of 
claims 16 — 18 in which X and Y in the 
starting material are as defined in claim 14. 

20. A process resulting in the production 
of a compound as daimed in claim 1 or 15, 
substantially as hereinbefore described in 
any one of Examples 4, 12 and 17 — 22. 

21. A compound as claimed in claim 1 or 
15 when prepared by a process as claimed in 
any one of claims 16 — 20 or its obvious 
chemical equivalent. 

22. A method of treating inflammation that 
comprises administering to a non-human host 
1 mg to 100 mg per kg body weight per day 
of a compound as claimed in any one of 
claims 1 — 15 and 21. 

23. A pharmaceutical composition compris- 
ing a compound as claimed in any one of 
claims 1 — 13, 15 and 21 and a non-toxic 
pharmaceutical^ acceptable diluent, carrier or 
coating. 

24. A composition as claimed in claim 23 
in the form of a troche, tablet, lozenge, cap- 
sule, powder, gel, suppository, syrup or 
liquid suspension. 

25. A composition as claimed in claim 23 
in the form of a pill, cream, ointment, lotion, 
elixir or injectable preparation. 

26. A composition as claimed in claim 24 
or 25 in which the said compound is a com- 
pound as claimed in claim 14. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10 Staple Inn, 
London WC1V 7RD. 
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